The generalized processes of natural maturation of oocyte with egg yolk in the ovary, production of egg white and eggshell in the oviduct, as well as ovulation and laying cycle are under the genotype control. Besides, they are affected by the environment and regulated by neurohumoral (neurohormonal) system. All these factors determine ultimately the egg productivity in poultry. Thus, it is limited by time, required for the oocyte maturation and yolk synthesis, and also by the decreasing reproductive potency of hens and egg quality because of aging and/or influence of technological factors. Whatever it was, the observed phenotypic variability due to selection pressure and the applied intensive technologies in poultry indicates the physiological limits of productivity (i.e. egg-laying rate, egg weight and quality) to become wider in hens with intensive metabolism. In the modern egg hybrid crosses a daily ovulation occurs synchronously with a mature egg formation and laying during long productive usage. The egg laying chickens can be forecasted in the postembryonic ontogenesis by the number of large follicles which are maturing in the ovary, if 85-90 % egg productivity is reached within 5-6 weeks after the laying begins. The steady cycle of egg laying with small interval (1-2 days) is also of importance. Thus, the rapid formation of 5-6 follicles in the ovary coinciding with weekly maturation of the yolk in ovogenesis determines the biological potency of reproductive function in high-yield laying hens. The use of these parameters for assessing egg chicks and their offspring gives an opportunity to predict the high-producers in the early ontogenesis. It will speed up breeding to improve modern egg crosses, create new ones, and also to optimize the intensive technologies in poultry.
Since 1950s due to long and intensive breeding and hybridization the annual egg productivity in hen crosses increased almost 2 times and amounts 320-330 in number and 60-65 g in an average weight compared to 55-60 g. The weight of shell and white of the eggs mostly increases, while the yolk weight in selected lines of egg crosses is stabilized at 16-17 g, being up to 18 g on average in hybrids (1) . Hence, egg productivity almost reached the biological limits.
Complicated processes of natural maturation of oocyte with the yolk in the ovaries, the egg white and shell formation in the oviduct, ovulation and oviposition are genetically based, neurohumorally regulated and depend on the environment. Therefore, egg production is limited by the time of an oocyte maturation and the yolk formation, on one side, and a reduced productivity and egg quality upon hen aging and(or) because of used poultry technologies, on the other side.
Study of genome structure and functions in the hens with high egg production are being intensified resulting in developed and improved technologies for poultry breeding and commercial use. Thus, early prediction of egg production is essential. G e n e t i c b a s e s f o r e g g p r o d u c t i v i t y a n d b r e e d i n g. Selection and crossing based on advances in population genetics are the main approaches in poultry breeding. The high yielding egg hen hybrids is due to strict selection for desired traits in the lines and under crossing the matching lines. For long time the occurring genetic diversity was enough to keep up the variability of polygene traits and increase hen productivity. The DNA technologies based on genetic polymorphism and multiple molecular markers allowing early forecasting are currently used (1) .
Hen haploid genome sequencing showed 24 000 genes and more than 1½10 9 bp in polymorphic regions reflecting genetic diversity. SNPs (single nucleotide polymorphism) are basic at marker assisted selection (2) . This approach is most effective in case the valuable traits are sex-linked. Early screening young cocks from the lines and related groups reduces the time required for selection over generations.
In hen genome above 3 million SNPs are reported allowing to locate the markers for polygenic quantitative traits (3) and to identify genes of structural proteins, multiple regulatory proteins and the markers being used in genome mapping and poultry breeding. A development of the chips for more than 600 000 nucleotide sequences identified in the commercial lines has been reported (4) . Complete hen genome sequencing should simplify detecting polymorphic DNA regions, marking specific nucleotide sequences, and mapping structural genes and loci involved in the production control. Particularly, the cytogenetic mapping, linkage groups and polymorphic markers were basic in the last reported version of the hen integrated chromosome map, including 1889 loci of which 450 loci formed 50 linkage groups (5) .
Genomic QTLs screening revealed 29 loci on 5 of 8 described macro chromosomes, the chromosome 2, 3, 4, 5 and 8, and also on sex Z chromosome (Fig. 1 ). There were the loci contributing to body weight and egg size, feed conversion, etc. The 8 macro chromosomes and Z chromosome are 70 % of the chicken genome nucleotide sequences, and the rest 30 % sequences are the micro chromosomes. Gene activity and indirect evidence of an increased gene density in the micro chromosomes have also been shown (6) .
Chicken Z or X chromosomes contain the genes affecting productivity. There are auto sex homozygotes different in color due to K and k alleles and in the rate of feathering due to S and s alleles, resulting in clear differences between the day-old chickens depending on their sex. Using dwarf gene (dw/DW ) the maternal lines with reduced weight and increased egg productivity were developed and further involved into meat cross Hubbard ISA F15 breeding (7) .
The alleles of restricted (ro) and normal (RO) ovulation located on Z chromosome are significant in view of egg productivity prediction. Sometimes the laying hens homozygous for ro are unable to ovulation of the oocyte with yolk because of a spot mutation and insufficient transport of lipoproteins from liver to follicles at yolk formation (8) . Also the size of some bones in wings and legs as well as their mineral content are influenced by genes of restricted ovulation contributing the increase in weight compared to highly productive poultry (9) .
The Hy-Line International (USA) recently uses the genome marker assisted selection focused on the desired commercial traits and the early predicted productivity. The main valuable traits are the high lifelong productivity in hybrids during 80 weeks and more, tolerance to stresses and disease resistance (http://www.hyline.com).
O v o g n e s i s i n h i g h -p r o d u c i n g l a y i n g h e n s. Morphogenesis of ovaries and oviduct, development and maturation of oocyte, egg formation and time the hen reaches puberty and starts to produce eggs are related to ontogenetic periods. Due to breeding for past 60-70 years the age of the first oviposition in egg hens decreased 1.5 times from 6 months (26-27 weeks) to 4 months (17-18 weeks). However, bone strengths in wings and legs during post embyo development also lowered. The selection for strong bones together with limited feeding, and also the stabilization of 1.2-1.3 kg weight from the beginning to the end of hen commercial use are the countermeasures applied (10) .
Some changes in the development of ovary function in hybrids occur at generative phase as observed in Loghmann Brown. The gonad rudiments are formed during 4 days, and from day 8 their differentiation into ovaries or testes begins. From day 11 the primordial germ cells turn into oogonia, and their number reaches several hundred thousands due to fast mitotic divisions. To day 19 most oogonia die, and just several differentiate into oocytes able to form follicles (11) .
Until chick hatching the follicular stage prevails and results in formation of primary oocyte. In the ovary of 1 day hen there are 3500-4000 primary oocytes of 0.01-0.02 mm in diameter and 30-50 mg in total weight. The developing oocyte and the ovary interact via the follicle. Primary oocyte (with no yolk) contains the large nucleus with diploid chromosomal set tightly surrounded with vitelline membrane envelop (12, 13) .
At vegetative phase the primary oocyte growth and development occur in the ovarian follicles until the mature oocyte ovulates into the oviduct. In turn, this phase is subdivided into several stages (Table 1) . During 1-6 weeks the oocyte slightly increases in size due to cytoplasm accumulation, the latter being 0.5-1.5 mm in diameter, the germinal disc appears, and nucleus increases in size. The longest second phase of ovogenesis occurs from week 7 to week 16, when yolk mass increases due to blood transport of lipo-and glycoproteins, triglycerides, phospholipids, cholesterol and other biologically active substances from liver to the follicle and their accumulation.
Phases of oogenesis in high-producing laying hens
Oocyte maturation occurs from week 16 to week 17. An accelerated yolk formation is subsequently completed in several large follicles within 1 week period. Fast yolk accumulation in the ovarian follicle takes 5 to 6 days, when pri-
A mature oocyte (blastodisk) is located on yolk surface as a single cell surrounded by vitelline membrane. During diploid to haploid transformation the meiosis I is completed before ovulation, and meiosis II occurs after the ovulation in the oviduct resulting in a haploid gamete. Due to yolk it is provided with nutrients and the required bioactive substances. Each oocyte with yolk is subjected to long changes in hens from 1 day to 16-17 week age regardless of whether there was or was not the fertilization. After egg white and shell appear, the egg formation is completed.
Domestic hens are peculiar in their capability to produce eggs without fertilization. This is essential to determine the period of their productive use and biological limits of productivity both in cases the fertilized eggs used for incubation and unfertilized eggs used for food.
C u r r e n t c o n c e p t f o r e g g f o r m a t i o n. After ovulation, as the yolk is moving along the egg tube, the egg white and shell formation occur, resulting in egg laying. It takes about 22-24 hours, including 20 minutes in the infundibulum, 3 hours in the magnum to add albumen, 1 hour in the isthmus, and 18-19 hours in the utherus. Shell formation takes 17-18 hours, thus being second essential factor to restrict egg production in hens (14) .
Earlier the maximal rate of transfer of nutrient from blood to follicle per its surface area was observed for 2.5 g oocytes (cited by 13). It could be considered the initial follicle in each set of fast maturating follicles. As the surface in each next follicle enlarges the rate of yolk formation increases because of increased follicle envelope.
Fig. 2. Large follicle in ovaries of high-producing laying hens (À) and hens with combination of meat and egg productivity (B) in White Plimutrok poultry (Cobb cross) (10).
In high producing laying hens with more than 300 egg per year there is the first biggest follicle (Fig. 2, À) , designated as the pre-ovulate one, with the rest ranged on their size and weight. In the photo the minimal number of follicles indicates the ovulation of the biggest follicle in the set occurred earlier. Yolk weight in hybrid hens is reported to be 18 g (15) .
At relatively low egg production of 210-230 eggs, which are characteristic for the modern crossed with combination of meat and egg production and also for the maternal line of meat crosses, not less than 8-10 large follicles could occur simultaneously in the ovary. It leads to desynchronized ovulation and oviposition, especially during the second half of productive use, resulting in two yolk eggs of 75-80 g in weigh.
In ovary of White Plimutrok hens (see Fig. 2, B) none of three the largest follicles differed from each other in size, so each could be a pre-ovulate one. In such a case almost simultaneous ovulation of two follicles is possible leading to double yolk eggs and indicating desynchronized ovulation, laying and oviposition. Double yolk eggs also could be produced by young hens with still unstable cycle of egg laying. The eggs of changed shape or deviations in other morphometric parameters can indirectly indicate a desynchronized laying.
Laying cycle being individual for each hen is significant for high and sustainable productivity. The period of successively laid eggs defines the laying cycle. In high-producing hens there are long cycles of 50 to 80 days followed by 1-2 day interval. The frequency of repeated cycles with intervals determines the laying rhythm during time of productive use.
High producing hens are peculiar in ability to rapid accumulation of the nutrients and bioactive substances in 5-6 large successfully formed follicles at 6-7-day period of oocyte maturation. In the biggest one the yolk weight mostly increases 24 hours before the ovulation, with the follicle diameter of 2-35 mm in young hens and 40-42 mm in the adults. The follicle number in the ovary reflects the level of reproductive function and laying potency in poultry (16) .
Egg white and shell formation is synchronized with the ovulation and laying cycle, determining time of egg formation under different follicle number in the ovary (Fig. 3) . We suggest the coefficient of follicle growth as an indicator of its daily increase in weight. This coefficient is calculated from the difference in weigh gain (18.0-2.5 g) divided by the number of follicle in the ovary (see Fig. 3 ).
In case there are 5 follicle in the ovary the coefficient of growth is 3.10 thus being the highest, while for 6, 7, 8 and 9 follicles it is 2.58, 2.21, 1.94 and 1.92, respectively. So if in the ovary there are 5-6 follicles with maturing oocyte and yolk the growth coefficient is higher.
Previously 7-9 and more large follicles per ovary considered appropriate and determining egg productivity in meat and egg producing breeds. However, it should be noted that the less number of successively maturing follicles is found, the faster ovulation occurs, resulting in higher egg productivity observed.
During ontogenesis the genetically determined, complicated and long processes of oocyte-yolk complex growth and maturation are mostly limiting for egg production. In high-producing poultry the biosynthetic activity and accumulation of yolk components in the large follicles are enough to provide their rapid formation and daily ovulation with corresponding rhythm of the oviposition. Laying 361 eggs for 364 days by a Leghorn hen probably is a biological limit of the egg productivity.
F o r e c a s t i n g e g g p r o d u c t i on. Hybrid hens are accelerated in growing and start to lay eggs being 16-17 week-old. The earliness of maturity in a hen group is estimated at an average 5 % laying intensity, being determinative for further total egg number. Inherited laying rate at the beginning of oviposition is the factor mostly impacting egg production. In laying hens the ovaries and oviduct, as well as other organs, have to function hard, especially at the beginning and on the top of oviposition. The nutrients and bioactive components of yolk, white and shell actively produced in liver are transferred to follicles, ovary and oviduct. The age of puberty also is an important factor. In high-producing egg hens the puberty is considered reached at 50 % laying rate achieved. In the crosses of the Hy-Line International (USA) this time has been decreased by almost 3 weeks over past 30 years (17) . Accelerated growth and puberty are also peculiar to other egg crosses determining speedup of top productivity which is typical for hen hybrids ( Table 2 ).
The weight from 1 day-old chicken until the end of laying period is the main controlled parameter indicating growth, development and physiological performance in hens. Breeding for increased egg production is effective due to weight optimization by limited feeding. In closed flocks the line breeding allows permanently lengthening the period of oviposition with keeping up the laying rate above 85 %. Thus, phenotypic changes due to selection and breeding show more wide physiological limits for egg productivity. High-producing layers are capable of producing a mature oocyte-yolk complex which ovulates with further egg white and shell formation and oviposition at daily cycle. The laying hens with high egg production can be forecasted in the postembryonic ontogenesis by the number of large follicles which are maturing in the ovary, if 85-90 % egg productivity is reached within 5-6 weeks after the laying begins. In case there are 5 to 6 large follicles in the ovary their maturation takes 6-7 days. Just a coincidence of these parameters we consider the key determinative for the reproduction potency and early forecast of egg production in poultry.
